
I AD-AOOO 06 ARIZONA UNIV TUCSON DEPT OF CHENISTRY 9lO *0/9
A HIGH POWER INDUCTIVELY COUPLED PLASMA TORCH AND IMPEOANCE NAT-ETC(U)
APR 79 0 L iVIPSa, 0 R HKSNE P M I f, NTON NOO01-75-C-O13UNCLASIFI[ED "t- NLoil mmm

U/



OFFICE OF NAVAL RESEARCH
Contract 100014-75-C-0513

Task No. 1IR 051-549
Technical Report No.22

A IGH POWER INDUCTIVELY COUPLED PLASMA

TORCH AND IMPEDANCE MATCHING NETWORK

0 L. Windsor, D. R. Heine and M. B. Denton

Department of Chemistry
SLU University of Arizona

Tucson, Arizona 85721LL-

DDC
Prepared for Publication J rlf[fr

in FEB 20 IM

Applied Spectroscopy

B

Reproduction in whole or in part is permitted for any purpose
of the United States Government.

Approved for Public Release: Distribution Unlimited

K80 2 11 fl81



SECURITY CLASSIFI' ATION OF rwfl PAGE (1Uh-rn ft I'llf-el4I

REPORT DOCUMENTATION PAGE EREA COSTRLETINS~

1. REORT NMB r2. GOVT ACCESSION NO. 3. RECIPIENT'S CATALOG MU8AL.

Gil~J[RJJPUTIEL £U~EDPLASMA TORCH INERIM
46 ' DACEMATCHING NETWRK -::s;-

7. AUTH*. CONTRACT OR GRANT NUMUERfO

D. L./Windsor, D. R. Heine*OSM. B./Denton NOl-5C~l

9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT.' PROJECT, TASK

D~epartmient of Chemistry/ ARAAW.UI/UBR

University of Arizona NIR 051-549
Tucson, AZ 85721 ______________

1 1. CONTROLLING OFFICE NAME AND ADDREL. 12, REPORT DATE

~ A H 17 April 13, 1979
Office of Ilaval Resea rch 13I. NUMBER OF PAGES
Arlington, VA 22217 3

14 MONITORING AGENCY NME a ADDRESS(It difieenI from, Controlling Office) 15 SECURITY CLASS. (of this report)

U11CLASSIFIE)

If. 15mIS. DECL ASSIFICATION/ DOWNGRADING
SCHEDULE

'6. DISTRIBUTION STATEMENT (of this. Report)

Approved for Public Release; Distribution Unlimited

I7. DISTRIBUTION STATEMENT (o( the. abstract entored in Block 20. If diferent from, Report)

IS. SUPPLEMENTARY NOTES

Prepared for publication in Applied Spectroscopy.

19 KEY WORDS (Co'ntinue on revrse. aide II neceeaerY and Idenify by block number)

Inductivelyv Coupled Plasma Torch
Inductively Coupled Plasma Matching !Ietwork

20 ABSTRACT fConIIn,e on rev'erse side It necessary and idetify by block number)

An improved dismantleable inductively coupled plasma torch and matching
network are described. This torch and network provide convenience, improved
power handling capabilities, and a high degree of flexibility.

DD 'a,1473 EDI .TIO. Of. 1 NOV ,65 IS OBSOLETE 9 ).! j



A HIGH POWER ICP TORCH AND IMPEDAINCE MATCHING NETWORK

D. L. Windsor , D. R. leine and M. B. Denton

Department of Chemistry
University of Arizona
Tucson, Arizona 85721

Index Headings: Inductively Coupled Plasma Torch;
Inductively Coupled Plasma Matching Network

,
Present Address: Proctor and Gamble Company

Miami Valley Laboratories
Cincinnati, Ohio 45247 8CEBSSN for

.iS White Sectim
Oc Burf Secto1

UNANNOUCED E3
JUSTIFICATION

By
ISNUTION/AYALAHY S

Dist. AVAIL and/or SPECI



A HIGH POWER ICP TORCH AND IMPEDAJCE MATCHING NETWORK

The rplative ease of operation, power handling capabilities and over-

all performance of an inductively coupled plasma-optical emission spectro-

meter (ICP-OES) depends upon numerous factors, not the least important of

which is the design of the torch. A variety of such designs has appeared
C

in the literature (I6. Most workers have employed three concentric

fused silica and/or pyrex tubes, referred to as an inner sample gas

tube, a Oflaired mouth' plasma gas tube, and an outer coolant tube. These

tubes are either fused into one or two-piece units through glass blowing

techniques or mounted in some type of dismantleable base assembly.

Precise alignment of the glass-blown torch can be achieved during con-

struction th he use of an assembly jig. However, this type of torch

is not easily repaired should problems be encountered. The dismantleable

base approach can be difficult to align if the three tubes are held only

near the bottom. This problem is aggravated by the fact that rarely is

commercial quartz and pyrex glass tubing perfectly straight or cylindrical.

A torch designh which is both dismantleable and self-aligning has been

successfully used in this laboratory for several years. A unique feature

is the use of nylon or teflon slip fit spacers between the sample and

plasma gas tubes and the plasma and coolant gas tubes.

Properly implemented, this approach also provides a significant increase
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in tangential flow velocity of the coolant gas, which improves heat trans-

fer from the coolant tube, making possible the use of higher powers and

longer coolant tubes. The increase in tangential flow is achieved through

the use of threads cut into the coolant-plasma spacer with a 600 "v" tool;

two cuts of 1.57 thread/cm, (4 threads/inch) offset by 1800 and. 2.5 mm deep,

are made. This spacer is then placed as shown in Figure 1.

The spacer which fits between the sample and plasma gas tubes contains

12 verticle slots which are 1.4 mm wide and 1.2 mm deep. This permits lami-

nar flow of the plasma or auxiliary gas. The dimensions of the glass com-

ponents are listed in Table I. The sample tube is constricted at one end

to 1.5 mn i.d., and the other end contains a 12/5 ball joint for easy at-

tachment of the sample gas line.

A detailed drawing of the base is shown in Figure 2. In operation

this assembly is securely fastened to a moveable mount, allowing precise

positioning of the observation region. All glass inserts can be easily

changed with the base mounted.

Data obtained using this torch for the analysis of carbon and hydro-

gen in samples from a gas-liquid chromatograph have shown that absolute

precision can be increased more than twofold by increasing the coolant

tube from 25 cm to 30 cm. (7). This extended the top of the coolant tube

from 5 cm to 10 cm above the load coil.

An impedance coupling network which matches the output impedance of

the high power rf power supply (50 ohms) to the input impedance of the

load coil is shown in Figure 3.
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The capacitors are the vacuum variable type, (Jennings Radio - UCSL 750)

able to withstand 5,000 volts, and range from 5-750 pf. The circuit is

constructed from 4.76 11111 o.d., 3.24 mm i.d. (3/16" i.d.) copper tube which

carries cooling water during operation.

This matching network-torch combination readily operates in excess

of 5 kW forward power with less than 50 watts of reflected power. At for-

ward power levels near 2 kW, the reflected power is less than 5 watts.

.. .... ..... . .. . - - --.-.- :.



TABLE 1. Dimiensions of glass used in the disinantleable torch.

TUBE LENGTH 0.D. 1.0. TYPE

short coolant 25 cm 20 mm 18 mm quartz

long coolant 30 cm 20 mm 18 mmi quartz

Plasnma
mouth 2.5 cm 15 mm 13 mm vycor

stem 22.5 cm 11 mm 9 mm vycor

Sample 30 cm 7 mm 5 mm pyrex
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Figure Captions

Figure 1. Dismantleable ICP torch assembly capable of operating at
over 5 kW forward power. Spacers are used to provide
precise alignment and improved gas flow patterns.

Figure 2. Detailed drawing of the dismantleable ICP torch base
(all dimensions are in inches).

Figure 3. 27.12 Mhz impedance matching network for use with high
powers.
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